Background. Humans produce vitamin D3 by exposure to sunlight that includes ultraviolet
D Receptor (VDR), which is located on several genes which are called the VDR target genes. Objective. The present study investigated which genes are regulated by the 1, 25(OH)2D3 and checked whether the epigenetic modifications are measured in two cell lines within the ENCODE project. The data of the epigenetic modifications will be linked to the promoter regions of the VDR target genes. In this way the epigenetic control of the VDR target genes could be investigated in more detail. Methods. The human VDR target genes were identified with an extensive literature search. The promoter regions of the VDR target genes were found with Genomatix. Two types of epigenetic modifications, DNA methylation and histone modification, which were determined in two cell lines, IMR90 and H1ESC, in the ENCODE project were linked to the promoter regions of the VDR target genes. In the network analysis program Cytoscape the VDR target genes and the measured epigenetic modifications were integrated and visualized in an epigenetics-VDR target genes network. Results. In total 185 VDR target genes were found in 25 literature papers. There were 528 promoter regions in the 185 VDR target genes identified. In the H1ESC were 445 histone modifications linked to the VDR target gene promoters and in the IMR90 were 259 histone modifications linked to the VDR target gene promoters. In the IMR90 were 158 promoter regions with a DNA methylation region and in the H1ESC were this 177 promoter regions with a DNA methylation region. In the combined network of DNA methylation and histone modifications were in the IMR90 99 genes and in the H1ESC 111 genes selected. Conclusion. The epigenetics-VDR target genes network can be used in further research to understand the role of the epigenetic control of the VDR target genes.
Introduction
Epigenetic mechanisms play a crucial role in the regulation of gene expression (1) . The main mechanisms involve DNA methylation and histone modifications. DNA methylation and histone modifications are identified in the Encyclopedia of DNA Elements (ENCODE), the ENCODE has advanced the understanding of the principles of the genome, epigenome and chromatin organization. The goal of the ENCODE is to identify the functional elements in the human genome, which will be done with different assays and methods (2) . The external environment plays a role in the regulation of the epigenome, different factors can switch genes on or off and determine which proteins are transcribed (3) . One of these factors is Vitamin D, which interacts with the epigenome (1). The intake of Vitamin D3 intake is unique because it is not only obtained by the exposure of sunlight but also via the intake of nutrients (4) . In the body, the Vitamin D3 is converted in the liver and kidneys 
Material and methods
The VDR target genes in the human genome were identified by the use of different literature sources. The promoter regions of the VDR target genes were found, this data was used to identify the histone modifications and DNA methylation in the promoter regions of the VDR target genes. The VDR target genes and the epigenetic modifications were integrated and visualized.
Identify vitamin D target genes
The identification of the VDR target genes was started with searching on the internet for relevant articles about Vitamin D3. This was done with the use of PubMed, with the search term "VDR target gene". The analysis resulted in a list of papers related to the VDR target gene, which then were read if they provided information about the human genome. This was also done with the search terms, "VDR" and "gene regulation vitamin D". The genes mentioned in the literature were categorized in classical VDR target genes and VDR targets in cell cycle regulation.
Promoter region of the VDR target genes in Genomatix
The software suite Genomatix was used to find the information about the promoter region of the genes. In Genomatix was the module Gene2Promoter, which gave the access to promoter regions of all the genes for retrieving and analyzing them. In Gene2Promoter were the promoter regions annotated and validated according to scientific standards, including Genomatix technology, for example oligo-capping, PromoterInspector and comparative genomics (8). The human genome was used, with the NCBI build 37 and 
Histone modifications and DNA methylation
The promoter regions which were found with the software suite Genomatix were used for finding the location of the histone modifications in the VDR target genes. The ENCODE data was collected from two cell types, the H1ESC and IMR90 cell lines. The histone modifications were identified with ChIP-sequencing. This gave as a result the information about the histone modifications of the VDR target genes in base pairs, in which cell type and the description about the histone modification. The DNA methylation data in the IMR90 and H1ESC was found in the ENCODE project, which was identified by the use of Reduced Representation Bisulfite Sequencing (RRBS). This data was retrieved with an R script, and the R script was linked to the file with the promoter regions of the VDR target genes with the program Java.
Integration and visualization in Cytoscape
In the network analysis program Cytoscape was the information of the different histone 
Results
In total were 185 VDR target genes found in the literature, these genes were measured with different methods. The promoter regions of these genes were identified by the program Genomatix which gave all the promoter regions in base pairs of the VDR target genes, in total were 528 unique promoter regions found. There was looked to the DNA methylation and histone modifications in two cell lines, IMR90 and H1ESC, within the ENCODE project. This data was linked to the promoter regions of the VDR target genes and thereafter integrated and visualized in Cytoscape.
Vitamin D target genes
The VDR target genes were found in literature from various papers. In total were 185 VDR 
Genomatix
In the 185 VDR target genes were all the promoters directly extracted from the ElDorado 12-2013 with the module Gene2Promoter. Some genes had only one promoter region but there were also genes which had more promoter regions. In total were 528 unique promoter regions found in the 185 VDR target genes, mostly with the length of 601 base pairs.
Histone modifications and DNA methylation in IMR90 and H1ESC
In the IMR90 and H1ESC were 528 promoter regions found in the VDR target genes. In the H1ESC, 445 histone modifications were linked to the VDR target gene promoters. In the IMR90 cells, 259 histone modifications were linked to the VDR target gene promoters. There were in both cell types different types of histone modifications found, both acetylation and methylation were found in different regions. In the IMR90 were 158 promoter regions where DNA methylation regions were found with a maximal DNA methylation between the 0 and 100 percent. In the H1ESC were these 177 promoter regions.
Integration and visualization of DNA methylation and histone modification
The data of DNA methylation and histone modifications in the promoter regions of the VDR target genes was integrated and visualized in Cytoscape. In the IMR90 and H1ESC network were some genes with only a DNA methylation or histone modification, but also some genes had both DNA methylation and histone modifications. For example gene TNFAIP3 in the IMR90 network, this gene was linked with a grey edge to the H3K27me3 and linked to a 100 percent maximal DNA methylation (figure 1). Also gene CYP3A4 in the H1ESC network, which was linked with a grey edge to the H3K36me3 (figure 2). In both networks was shown that one histone modification caused repression, H3K27me3, some of the genes linked to this modification were also linked to DNA methylations with varied maximal DNA methylation percentages ( figure 1,2 ).
Discussion/Conclusion
In total were 185 VDR target genes in the human genome found in the literature. Divided into 167 Classical VDR target genes and 18 VDR target genes who play a role the in cell cycle regulation. The papers used in this study were published between the years 2002 and 2014, these papers included large studies that investigated VDR target genes. Although most studies were included, it could be possible that a few studies were missed based on the search queries which were used in PubMed. Another aspect about this searching method was that in some articles it was not clear in which genome the VDR target genes were found. Therefore it was possible that some genes mentioned in the papers were identified as VDR target gene in another genome than the human genome. On the other hand, most of the VDR target genes were found in different literature sources by different authors and measured by different methods, and were therefore double checked if they existed in the human genome. This was also checked when there was searched for the Entrez ID of the genes in the HomoloGene, when the gene did not exist in the human genome, the gene was deleted from the list of VDR target genes. Even when some genes where not found due to studies which were missed based on the search queries, the quality of the VDR target genes list was still high.
In two cell lines was looked for histone modifications in the promoter regions. The cell lines H1ESC and IMR90 were used, there was chosen for these cell lines because the expression of the VDR at baseline was measured in these tissues. In total were 16 types of histone modifications found in the IMR90, the histone modifications H3K27me3 and H3K36me3
were linked to most of the VDR target genes. One histone modification caused repression of the genes, this was H3K27me3. This is because the H3K27me3 was strongly associated with the inactivation of gene promoters in both cell types, this histone modification was caused by the enzyme methyltransferase EZH2 (9) . The EZH2 is part of the PRC2, which is responsible for the repression of many genes (10) . 
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In both cell types were genes found with one promoter region with DNA methylation, but there were also genes with more promoter regions with DNA methylations. The methylation of a cytosine base caused that the promoter region will be blocked for transcription factors and therefore will be repressed (13) . There were genes found in the cell lines which had the same maximal DNA methylation percentage, for example CCNC, which was in both cell types surrounded by three promoter regions which all had a maximal percentage of 0 percent. The CCNC gene encodes for a protein which interacts with cyclin-dependent kinase 8, which co-activates the phosphorylation of the carboxyterminal domain of nearly all the RNA polymerase 2 dependent genes (12) . In both the H1ESC and IMR90 was the CCNC gene activated, this was because in both cell lines the DNA was copied into messenger RNA (mRNA) by the RNA polymerase 2, which was encoded by the CCNC gene (12) .
In the combined network of DNA methylation and histone modification were the promoter regions of the genes selected with the highest maximal DNA methylation percentage.
There was shown that in both cell lines some genes were linked to both a promoter region with a DNA methylation region and histone modifications, for example COLEC11 in the H1ESC, this was linked with H3K27me3 and to a promoter region with a maximal DNA methylation of 100 percent (figure 2).
In conclusion, the information found in this study can be used in further research to understand the role of the epigenetic control of the VDR target genes.
Role of the student
In this project I started with the identification of the VDR target genes with an extensive literature search. Secondly, the promoter region in the VDR target genes was identified.
Thirdly, two types of epigenetic modifications, DNA methylation and histone modification, which are identified in the ENCODE project were linked to the promoter regions of the VDR target genes. Finally the results were integrated and visualized in a network.
